A B S T R A C T Intrapulmonary deposition of the proteolytic enzyme papain produces a lesion resembling emphysema in experimental animals. The 
INTRODUCTION
Exposure of the lungs of experimental animals to the enzyme papain produces a lesion which morphologically Received for publicationt 31 October 1972 and in revised form 10 Jfuly 1973. resembles emphysema (1) (2) (3) (4) . Pulmonary function Ins been studied at a single interval after papain exposure in several species (5) (6) (7) (8) (9) . These studies have shown increased functional residual capacity, decreased lung elastic recoil, increased flow resistance in small airways, and decreased diffusing capacity in papain-exposed animals, indicating that papain produces changes in pulmonary function similar to those observed in human emphysema. It is not clear whether a single exposure to papain produces a stable lesion or whether progressive alterations in lung structure or function occur. Nonquantitative histologic studies have suggested that significant repair of the lesion does not occur (4) . The purpose of the present study was to evaluate changes in lung structure and function with aging in normal rats and rats exposed to a papain aerosol at 2 mo of age.
METHODS
Groups of 10-20 male white Sprague-Dawley rats were exposed to an aerosol of 10% papain 1 in saline for 4 h at 2 mo of age (weight approximately 200 g). A comparable control group received no aerosol exposure. Groups of control and papain-exposed animals were studied at 4, 8, and 18 mo of age.
Following thiamylal anesthesia (30 ml/k-intraperitoneally) airways' conductance was measured by a doubleplethysmographic technique (10) . Diffusing capacity of the lung was estimated during forced rebreathing. The trachea was cannulated with a polyethylene catheter (length 1.0 cm, internal diameter 0.16 cm) connected through a threeway stopcock to a syringe containing 5.0 ml of gas (0.3% CO, 0.3% neon in air). A water-filled sidearm of the cannula was connected to a Statham PM 23 transducer, the signal from which was recorded by a Hewlett-Packard series 1100 recorder 2 to allow accurate timing of the relreathing maneuver. At the end of a normal expiration, the stopcock was opened to the syringe and rebreathing at approximately 2 cycles/s was initiated. The entire 5 ml (two to three times the normal tidal volume of the rat) were injected and withdrawn with each cycle. Following the rebreathing maneuvers, a lethal dose of thiamylal was administered intraperitoneally and the animal's chest was opened to prevent vigorous agonal respiratory efforts. The trachea, heart, and lungs were resected en bloc and the lungs inflated to 25 cm H20 pressure with 10% buffered formalin or 3% glutaraldehyde. An open sump system maintained this pressure for 12-14 h before the tissues were processed further. Following dissection of the heart, thymus, and adipose tissue, the postfixation volume of the lungs (VL) was determined by water displacement. Midcoronal sections of both lungs were removed, dehydrated, and embedded in paraffin. Sections 6 gm thick were stained with hematoxylin and eosin for histologic study.
For determination of the mean chord length, or average distance between alveolar walls (LM), a grid was drawn on the slides with lines approximately 3 mm apart. Alveolar wall intercepts were counted in one microscopic field in each of 10 randomly selected squares using an eyepiece with four parallel lines. LM was calculated by: LM =n L/Xi, where n equals the number of lines counted, L equals the length of the line, and li equals the sum of alveolar intercepts (11) . No correction for tissue shrinkage or for the percent of the lung occupied by parenchyma was employed. ISA was determined by the relationship ISA=4-VL/LM (11, 12) . Since the ISA measured in this fashion is highly dependent on lung volume, or VL, the measured ISA of each control lung was extrapolated to that which would have existed at a VL equal to the mean VL of the corresponding papain group. This extrapolation was based on the assumption that ISA varies as Vi2/3 (13) .
As a further means of comparison, the measured ISA of each control and each papain-exposed lung was extrapolated to that which would have existed at a VL of 10 ml (ISA1o), using the same assumption.
Statistical evaluation of the data was performed with Student's t test for grouped data. Probabilities equal to or less than 0.05 were considered significant.
The battery of physiologic and morphometric assessments described above was developed during the course of this 'Carle Instruments, Inc., model 8000, Fullerton, Calif. 4 Abbreviations used in this paper: Dixo, diffusing capacity; DLco/VA, diffusing capacity per unit of alveolar volume; FAco., initial fractional concentration of alveolar CO; FAcot, fractional concentration of alveolar CO at end of rebreathing cycle; FRC, functional residual capacity; Gaw/TGV, specific airways' conductance; ISA, internal surface area of lung; LM, mean chord length; VL, postfixation lung volume.
investigation. Consequently, each animal studied at the earliest time period (4 mo of age) was evaluated by some, but not all, of these techniques, resulting in differing numbers of animals studied with each technique during this period.
RESULTS
The acute mortality following a single papain exposure ranged from 10 to 20% and was due to diffuse alveolar hemorrhage. Later deaths due to chronic pulmonary infection occurred in both groups, but were more frequent in the control group. Histologically the lungs of papainexposed animals showed markedly enlarged smoothwalled centrilobular airspaces. The airways appeared normal ( Figs. 1 and 2 ).
The mean body weights of control and papain-exposed animals were similar at all ages (Table I ). Specific airways' conduction decreased with age in both groups; however, neither the differences between the control and papain groups nor the decrease with age within either group was significant.
FRC and FRC/kg were significantly larger in the papain group than in the control group at 4 mo, but the differences at 18 mo were not significant. The increase in FRC/kg with age in the control group was not significant. DLco/VA and DLco were significantly smaller in the papain group at 4 and 18 mo of age. The slight increases in DLCO/VA observed in both groups between ages 4 and 18 mo were not significant.
The morphometric data are presented in Table II 
FIGURE 2
The lung of an S-mo old rat which was exposed to an aerosol of papain at 2 mo of age. Markedly enlarged airspaces which are devoid of invaginating alveolar walls are shown. The terminal bronchiole appears to be normal. Hematoxylin and eosin stain. Original magnification, X 50.
The increased FRC of papain-exposed animals also of Gaw/TGV (17). Pushpakom et al. found increased cotlld be explained by "small airways' disease," the pres-peripheral airways' resistance in dogs following papain ence of which might not be detected by the measurement administration (6 to reduced elastic recoil and not to airwvav obstruction (7) . The airways of our papain-exposed animals appeared normal histologically and it seems unlikelX that the change in FRC was ltne to intrinsic disease of the small airwvavs themselves. The major effect of papain inhalation appears to be a loss of alveolar tissue as suggested by the presence of large, smooth-walled centrilobular airspaces in the lings of pal)ain-exposed animals. Such alveolar loss is confirmed by the significant reduction in measuretl ISA found in all papain groups. The deficit in measured ISA found at 4 mo of age in the papain group remained essentially constant throughout the study and measured ISA increased similarly with age in control and papain groups. This finding suggests that the lung injury following papain exposure neither stimulated the development of new alveoli nor led to progressive deterioration in lung structure. In the earlv postnatal period the ISA of the rat lung increases far more rapidly than lung volume, indicating the formation of new alveoli (18) and this increase in ISA can be further augmented if the animals are raised under by\-p)oh)aLric conditionis (19) . The lack of an increase in the number of alveoli in our animals is probably explaine(l b the timing of the papairi exposutre. (13) . Whether this difference is due to inherent species differences, or is due to the wide variety of alveolar insults inflicted on the human lung is unknown.
Extensive injury to alveolar walls occurs within hours of papain exposure (4) . While this observation coupled with our present findings suggests that loss of alveolar tissue accounts for the decrease in lung surface area, changes in compliance of some lung regions alone could explain our results. If lung volume, or VL, remains constant enlargement of some airspaces must be associated with a decrease in the dimensions of others. Such changes are suggested in the lung shown in Fig. 2 
